a b s t r a c t
The current study investigated the relationship between bilingual language proficiency and onset of probable Alzheimer's disease (AD) in 44 Spanish-English bilinguals at the UCSD Alzheimer's Disease Research Center. Degree of bilingualism along a continuum was measured using Boston Naming Test (BNT) scores in each language. Higher degrees of bilingualism were associated with increasingly later age-of-diagnosis (and age of onset of symptoms), but this effect was driven by participants with low education level (a significant interaction between years of education and bilingualism) most of whom (73%) were also Spanish-dominant. Additionally, only objective measures (i.e., BNT scores), not self-reported degree of bilingualism, predicted age-of-diagnosis even though objective and self-reported measures were significantly correlated. These findings establish a specific connection between knowledge of two languages and delay of AD onset, and demonstrate that bilingual effects can be obscured by interactions between education and bilingualism, and by failure to obtain objective measures of bilingualism. More generally, these data support analogies between the effects of bilingualism and "cognitive reserve" and suggest an upper limit on the extent to which reserve can function to delay dementia.
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The Alzheimer's Association (2004) warns "During the first half of the 21st century, the number of Hispanic elders suffering from Alzheimer's and related dementias could increase more than sixfold, from fewer than 200,000 today to as many as 1.3 million by 2050." Age is the single greatest risk factor for Alzheimer's disease (AD; from age 65 prevalence doubles every 5 years reaching 47% of people ≥85). The proportion of people 65 or older in the US is projected to increase from 12% to 20% in 2030. In addition, the Hispanic population is predicted to triple in size, and will account for an increasingly larger proportion of the total population over 65. As the population ages and becomes more ethnically diverse, the number of Hispanics with AD is also rising rapidly.
One factor that may provide some protection against AD in Hispanics is bilingualism. Many Hispanics speak both Spanish and English, and recent research suggests that bilingualism may delay the onset of AD. Bialystok, Craik, and Freedman (2007) and Craik, Bialystok, and Freedman (2010, p. 1727) , recruited patients from a memory clinic in Toronto, Canada comparing people who ". . .spent the majority of life, at least from early adulthood, regularly using at least two languages" to monolinguals, and found that bilinguals reported onset of first symptoms 4-5 years later than monolinguals. A second study in Montreal, Canada, found a delay in age of diagnosis of AD for immigrant bilinguals when compared with less educated immigrants who remained monolingual, but no significant bilingual advantage when comparing native Canadian bilinguals to monolinguals (although trends in this direction were reported for participants with French as the first-learned language; Chertkow et al., 2010) . In this same study, there was a clear delay in diagnosis for multilinguals whether Canadian natives or immigrants.
These pioneering studies complement recent reports that bilingualism enhances executive function (Costa, Hernández, Costa-Faidella, & Sebastián-Gallés, 2009 ; for review see Bialystok, Craik, Green, & Gollan, 2009) , imply a beneficial effect of bilingualism on cognitive reserve (Stern, 2009; Valenzuela & Sachdev, 2006a , 2006b , and raise interesting questions regarding mechanisms underlying these effects. What about bilingualism introduces the advantage, and why is it sometimes difficult to observe? Is the advantage only found in highly proficient bilinguals, and only in bilinguals who learn both languages from birth? Will delay of AD also be observed in Spanish-English bilinguals in the USA? Is the effect dependent on an extreme contrast between bilinguals and monolinguals? We investigated if degree of bilingualism is related to onset of AD within a uniform bilingual population using a continuous and objective measure of bilingual language proficiency.
Methods

Participants
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